Open plan office environments are considered to offer workplace productivity benefits because of the opportunities that they create for interaction and knowledge exchange, but more recent research has highlighted noise, distraction and loss of privacy as significant productivity penalties with this office layout. This study aims to investigate if the purported productivity benefits of open plan outweigh the potential productivity penalties.
Introduction
The challenges facing organisations to meet increasing customer requirements, and shortened lead times to market, has led to an increased emphasis on how organisations speed up their knowledge creation and transfer processes. In response to this trend office environments are now widely considered to be a key component in the facilitation of knowledge creation and knowledge transfer (Martens, 2011; Parkin et al., 2011; Boutellier, 2008; Haynes, 2007) . The concept of the open-plan office environment is often cited as the most conducive environment for knowledge creation as it allows its occupants to interact and collaborate in a spontaneous manner (Openshaw, 2013; Cummings & Oldham 1997; Dunbar, 1995) however there is growing research evidence to suggest that such environments are leading to increasing office occupiers' dissatisfaction (Bodin Bodin Danielsson et al., 2015; . The open plan concept presented to organisations is that it will facilitate interactions and collaborations. However, this assumes two things: that collaborative work is more productive than individual focussed work; and that office collaborations in open-plan environment are what people do most of their time.
The main benefits purported for an open-plan environment are financial benefit and organisational (Hedge, 1982; Heerwagen, 2000; Veitch et al., 2007) . The financial benefits are obtained through less space provided per person; and the organisational benefits obtained through greater knowledge sharing and team working (Heerwagen et al., 2004; Lansdale et al., 2011) . In addition, less space requirements may lead to less energy consumption. There appears to be a need for balance. Whilst open-plan environments may be suitable for certain work activities they are not suitable for all work activities. The fundamental flaw with the open-plan concept is to expect that all work could be undertaken in one office type.
The aim of this paper is to evaluate whether the purported productivity benefits of open plan environments of increased collaboration and knowledge sharing outweigh potential productivity penalties caused by increased noise, distractions and loss of privacy. The experiences of those occupying different office configurations will also be examined in terms of the specific factors that are considered to affect perceived productivity; and these experiences will be further evaluated according to the gender and age of the office occupants to ascertain whether these characteristics are influential. Therefore, the research questions addressed in this paper are: 1. What is the impact of different office layouts on the perceived productivity of the office occupants? 2. What are the underlying concepts that underpin the evaluation of the impact of office layout on office occupiers' perceived productivity? 3. Do differences exist between office occupiers' perceived productivity based on gender, age and office type?
Researching the office environment
Many studies have been undertaken on the impact of the physical office environment on occupants and as such there are a wide range of variables taken into consideration. Broadly however measurements tend to focus upon two main areas: office layout and office comfort (Haynes, 2008) .
 Lighting -office workers with windows sleep an average of 46 min more per night. Similar to thermal comfort, individual control over lighting levels is deemed to be an important element in workplace lighting satisfaction.
 Noise -office workers performance drops by 66% when exposed to distracting noise. The office layout links very closely to the amount of noise distraction caused  Office Layout -69% of Generation Y workers report an increase in productivity from 'funky' office fit outs.
However, the measurement of the impact of the office environment is a challenging area as it is not clear how to define inputs and outputs in a modern office. An extensive review of the literature undertaken by Centre for Building Performance Research identified that researchers had used a number of different ways of evaluating the impact of the office environment on its occupant's (Sullivan, Baird, & Donn, 2013) . These included:
 ratings perceived productivity;  cognitive performance tests (e.g. working memory, processing speed, concentration);  monitoring computer activity (e.g. keystrokes, mouse clicks);  absenteeism;  presenteeism;  reported frequency of health issues;  time lost to issues affecting productivity;  mood;  sleepiness;  job satisfaction;  job engagement;  intention to quit; and  turnover.
An additional measure of productivity is the concept of "downtime" and can be defined as effectively time wasted due to poor design and management of the office environment (Oseland, 2004) . Some of the downtime elements defined by Oseland (2004) , i.e. waiting for lifts, walking between buildings, interruptions, and copier machines, could actually be opportunities for ad hoc conversations and knowledge transfer (Haynes, 2008b) . In addition, "downtime" could also offer the opportunity for the office occupier to take a break.
Whilst there appears to be no universally accepted means of measuring office productivity, there does appear to be acceptance that a self-assessed measure of productivity is better than no measure of productivity (Oseland, 1999; ; Leaman & Bordass, 1999; Clements-Croome 2006 , Haynes, 2008 .
The attempts made to link the physical environment with the productivity of its occupants falls into two main categories: those of office layout and office comfort (Haynes, 2008) . The literature relating to the office layout appears to revolve around two main debates: those of open-plan versus cellular offices, and the matching of the office environment to the work processes. It could be argued that the openplan debate has led to cost reduction as the prevailing paradigm with regards to office environments (Haynes, 2007) .
In addition to the office comfort and office layout is the behavioural aspect of the office environment (Haynes 2008) . It is the behavioural elements that can potentially lead to productivity gains through increased collaboration and knowledge sharing. However, it is these increased interactions that can also lead to the often cited productivity penalties of loss of privacy, increased noise and the distractions (Haynes 2008) . There is a need to establish when an interaction stops being a productivity gain and turns into a distraction leading to a productivity penalty.
This paper evaluates productivity gains and penalties for different office types. In addition, it evaluates statistical differences based on age, gender and office type allowing for the development of occupier profiling.
Privacy
There are certain work activities that require disruption free working where office occupiers need to submerge into deep level of thinking, such as writing reports, scoping projects or reviewing cases. These tend to be activities that require a period of concentration. However, in the office environment, these periods of concentration can be interrupted in a number of different ways. There are digital interruptions through e-mail, phone calls; physical interruptions from co-workers; and auditory interruptions caused by background noise. Research undertaken by Wajcman and Rose (2011) evaluated the number and type of interruptions experienced by today's office worker which they categorised as either face-to-face interaction or through communication media i.e. mobile phone, landline phone, desktop PC. They also found that on average there were around 12 interruptions from other colleagues per day, and the most frequent communication activity (20% of the work day) was face-to-face which they classified as 'unscheduled meetings' and involved interaction with people working in or going to office cubicles.
It is important to understand the context of the interruption as not all interruptions can have a negative effect on the office occupiers' performance. If the interruption is directly related to the task at hand, then this may have a positive impact on the performance of the task (Mark, Gudith et al. 2008 ). However, if the interruption is related to a completely different matter then this requires a shift in cognitive processes and can be a disruptive interaction (Mark, Gudith & Klocke, 2008 ). An experimental study undertaken by Gudith et al (2008) identified that after only 20 minutes of interrupted performance participants reported significantly higher stress, frustration, workflow, effort and pressure. An interruption of no more than two seconds can be enough to break someone's train of thought (Altmann, Trafton & Hambrick, 2014) . Once distracted from a task it could take on average 25 minutes to return to that task (Mark, Gonzalez, & Harris, 2005) . In addition, once the train of thought has been broken it can potentially take up to an additional 15 minutes to get back into the same flow state they were in before the interruption took place (Lister & DeMarco, 1987) . The ability to handle interruptions and minimise their destructive influence has been linked to an office occupiers' personality type (Furnham & Strbac, 2002; Maher & von Hippel, 2005) . For example, a personality that is open to new experiences and has less requirement for personal structure (therefore more flexible) can minimise the negative impact of interruptions (Mark, Gudith & Klocke, 2008) . This suggests a need for customised office solutions given the personality difference with regards to interruption tolerance.
Working in a private office allows the occupier more personal control over the level of privacy that they experience as well as other features such as air quality, noise, lighting and temperature. Occupiers of open-plan office environments usually do not have the same amount of control over such factors which consequently leads to a higher degree of dissatisfaction with the office environment Samani, 2015) .
Noise
Noise has been identified as one of the variables with which open plan office workers have least satisfaction (Frontczak et al., 2012; Hongisto, Haapakangas & Haka, 2008; Pejtersen et al., 2006) ; and can also impact negativity on the productivity levels of office occupiers (Hongisto, 2005; Mak & Lui, 2012) . Office noise can be disruptive and so be detrimental to people's ability to focus and concentrate on their work activity (Banbury & Berry, 2005; Seddigh et al., 2014) which can then lead to feelings of frustration and increased levels of stress (Leather, Beale, & Sullivan, 2003; Seddigh et al., 2014; Witterseh, Wyon & Clausen, 2004) .
Whilst office sound can be measured in a very tangible way, office noise (that which is considered detrimental) can be considered a subjective phenomenon as it is dependent on the individual's perception of the sound (Frontczak et al., 2012) . This can be influenced by a number of factors including the occupiers' ability to control the noise, the type of work activity being undertaken, their gender, and their personality type (Banbury & Berry, 2005; Block & Stokes, 1989; Bodin Danielsson et al., 2015) . Unless ear defenders or headphones are worn, there is the instinctive auditory capacity to constantly scan background noise, and speech is identified as being the most disruptive sound source (Hongisto et al., 2008) . A test simulation undertaken by Veitch et al (2002) identified that in open plan offices, acoustic satisfaction increases as subjectively rated speech intelligibility decreases; and Marsh et al (2009) found that meaningful speech background sound caused higher distraction than irrelevant speech. This suggests that office occupiers should be located with those performing contrasting roles so their speech is of less relevance or that speech privacy is required in open plan offices.
Office noise can affect people physiologically (headaches, tiredness); psychologically (short term memory failures, lack of concentration, relief from stress), cognitively (knowledge transfer, asking, advising and listening to others); and socially (sense of belongingness) (Rasila & Jylha, 2015; Evans & Johnson, 2000) . Studies on the effects of noise in the open plan office environment tend to focus on the negative aspects, but there are some studies that also suggest that noise has a positive impact. Rasila and Jylha (2015) evaluated the impact of noise levels in a contact centre and found that although a sudden noise distracted workers from their duties, it also increased their performance by providing timely and relevant feedback. Klemmer and Snyder (1973) also argued that communication is more effective when there is the possibility to talk to colleagues while working. There is also the social benefit of noise and the sense of belongingness that it creates for office occupants (Hedge, 1982) .
There is the need therefore to get the right balance of noise appropriate for the environment, rather than one that is silent. However, it will be difficult to find this balance given that perceptions of noise are influenced by context, work and personality.
Interaction
In contrast to the need for privacy in an office environment, there is also the need for interaction to exchange knowledge and information, and is one of the main reasons for the existence of offices. Interaction can be planned through formal meetings which are located in specific meeting spaces and allow the occupants to manage their time and concentration levels. Interactions can also be unplanned and serendipitous, taking place in a wide range of locations and can be much difficult to control for an occupier.
Office layout can be designed to support interaction and communication across different occupiers. Peponis et al (2007) outlined two models of workspace design: the 'flow model' and the 'serendipitous model'. The first model supports the view that the workspace should be designed to support the flow of information between occupiers, so those people who work together should be located in close proximity. In this way interaction is encouraged between a small number of individuals, but the proximity means that 'creative eavesdropping' can take place. This supports the research undertaken by Allen and Henn (2006) that found that face to face communication tends to decrease if the individuals are more than 30 meters apart. This approach to workspace design is more difficult when occupiers work with a wide range of people that cannot all be accommodated in close proximity. The serendipitous model designs the workspace to encourage chance interactions between a much wider range of occupiers. Using this approach teams that work together are located at much greater distances so that they have to physically move from their desk/ office to interact with 'destination' colleagues and on their journey to this destination they may bump into another colleague. Using this model could be considered less efficient in terms of time, and can encourage workers to use internal telephone or email communication as opposed to face to face interaction, though it is valuable for cross-disciplinary team working and creativity (Dobson et al., 2013; Penn et al., 1999; Wineman & Serrato, 1998) .
The use of inanimate objects known as 'actants' (Latour, 2005) can also be used to encourage interaction in the workplace, both planned and unplanned. Objects such as printers, photocopiers, water-coolers and kitchens can be positioned in the office to draw people towards them. The location and accepted use of these actants have a huge impact on their effectiveness however in supporting social interactions. Gladwell (2000) suggests that actants such as kitchens should be located in the centre to draw from the most disparate parts. Dobson and Suckley (2015) however found that the 7 proportional size of the actant determined the effectiveness of this central location. A kitchen too big for the space acted as a physical and auditory barrier in the office space, instead of the intended central hub. Actants also need to demonstrate specific affordances for their use to be legitimised as facilitators of interaction. According to Fayard and Weeks (2007) the actants need to be accessible; in close proximity; have perceived visual and auditory privacy; have a good level of functionality; and occupiers must feel that it is acceptable by the organisation for them to be used.
Occupier Differences
There are a number of ways that office occupiers can be categorised as a way of understanding their unique and individual differences. One such way is by exploring datasets for gender differences, and another is by the age of the respondents.
These characteristics have been considered in previous studies of workplace conflicts and in particular the impact of office design on these conflicts. Bodin Danielsson (2015) found the noise levels generated in different office designs had a more significant impact on female occupants than male occupants as a potential source of workplace conflict. Kaarala-Tuomaala et al (2009) found that female office occupants reported more noise disturbance than their male counterparts. Other studies have also found gender differences in the office environment around a lack of social coherence (Peterson & Beard, 2004) and the ability to personalise the workstation (Wells, 2000; Wells, Thelen & Ruark, 2007) caused by intermittent and flexible work patterns which are often held by female workers.
Another area where gender has been considered in office environment research relates to Sick Building Syndrome (SBS) (Stenberg & Wall, 1995; Zweers et al., 1992) . SBS usually refers to the physical symptoms in occupants of fatigue, headache, irritated or dry eyes/nose/throat and skin symptoms. A review of the literature undertaken by established that female occupants of office environments generally reported a higher prevalence to the SBS symptoms than the male office occupants. In their examination of 12 Indoor Environmental Quality (IEQ) indicators, also reported statistical differences between male and female responses where the female respondents were consistently less satisfied than male occupants. An IEQ factor where dissatisfaction was clearly identified was thermal comfort. Karjalainen (2007) identified similar findings with regards to thermal comfort where they found, in both field studies and laboratory studies, females expressed more dissatisfaction than males in the same thermal environment. However, no significant gender difference existed in terms of neutral temperature. In addition, females were less satisfied than males in cooler conditions and more sensitive to deviations from the optimal thermal environment. This supports the notion that females have a greater need for individual control over their own thermal environment than males (Van Hoof, 2008 ).
An alternative way of identifying occupier differences and preferences is by the use of the office occupiers' age (Haynes, 2011; McElroy & Morrow, 2010) . However, categorising office occupiers by their age is an area of developing research with some authors categorising office occupiers by age group , and others categorising people by their different generation (Bennett, Pitt & Price, 2012; Joy & Haynes, 2011) .
Whilst it is acknowledged that researchers use differing years when defining the different generations (Wong et al., 2008) , there are a number of workplace researchers that have adopted the definitions identified by office furniture manufacturer Steelcase (Bennett et al., 2012; Haynes, 2011; Joy & Haynes, 2011) . The generations can be categorised as:
 Traditionalists: -Born 1922 -1945; also known as veterans, are characterised as being dedicated, stable and loyal, but also resistant to change and reserved.
 Baby Boomers: -Born 1946 -1964; are characterised as being optimistic, team players and service driven. However, they are generalised to be technologically challenged and value their own space such as a private office.
 Generation X: -Born 1965 -1978; are characterised as independent, self-reliant and entrepreneurial. They are adaptable, and comfortable with technology, but are also considered impatient and quick to criticise.
 Generation Y: -Born 1979 -2000; also known as 'millennials'; are characterised as being confident, knowledge thirsty and technology savvy. They require instant feedback and constant guidance. They thrive in informal work environments. (Joy and Haynes, 2011,p217) A study undertaken by Rothe et al (2011) surveyed more than 1,100 office employees and found significant differences between age groups with regard to personal services, commuting, collaboration, restaurant services and the adjustability of indoor air climate. In addition, the study also identified areas where no significant differences existed between the younger and the older employees relating to privacy and the virtual environment. Generational differences were identified by McElroy & Morrow (2010) in a quasi-field experiment to evaluate the impact of a redesigned office compared to a cubicle office environment. They found that the Generation X and Baby Boomers reported less room and more distractions in the redesigned office compared to their Generation Y counterparts. The suggested explanations for the difference in responses were that Generation Y have less experience of other office environments and therefore have no other terms of reference; or that Generation Y are more attuned to multitasking and so can filter out any distractions in the office environment (McElroy & Morrow, 2010) . Joy and Haynes (2011) found that office occupiers from younger generations preferred more informal meeting areas to facilitate knowledge working compared to their older counterparts' preference for more formal meeting spaces for this type of work. No generational differences have been found with regards to team-based working environments (Appel-Meulenbroek, 2010) with all generations seeing the benefits of being located near to one another, i.e. co-presence, in knowledge transfer and the facilitation of tacit knowledge through "creative eavesdropping" (Haynes, 2011) . (2012) Although the same problems and issues of working in an open plan environment were acknowledged, the Generation Y employees interpreted them in a different way. For example, the noise levels in the open plan environments were a positive sign of things actually happening; and a high density office environment meant you could be the sitting next to your best friend (Rasila & Rothe, 2012) .
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The differences in office occupiers according to age are important research areas given that for many developed countries the future workforce will increasingly be made up of workers over the age of 50 (Erlich & Bichard, 2008) . This demographic shift can be attributed to factors such as shrinking pension funds, retained knowledge, legislation and people living longer (Smith, 2008) . The implications on the physical working environment of the changing physical and mental state of older knowledge workers has been considered by Smith (2008) who argues that organisations need to focus upon the areas such as vision, hearing, physical ergonomics, cognition, health and well-being in the workplace design.
Methods
A survey was undertaken with the employees of a significant company with operations across the Middle East region, collected from the United Arab Emirates (UAE) offices. The anonymity of the company is covered by a non-disclosure agreement. This research is unique in that it collects data from office occupiers in the Middle East and most studies of this nature tend to be from western cultures. A web-based survey tool was developed that assessed the impact of various aspects of the office environment on occupants' perceived productivity. A self-assessed measure of productivity was used, since there appears to be no universally accepted measure of productivity (Whitley et al., 1996; Oseland, 1999 Oseland, , 2004 Leaman & Bordass, 2000) . The categorical and evaluative variables included in the survey were developed from the literature review. Respondents were asked to evaluate their current office environment. As this research aimed to establish the occupier perspective the survey questions asked the respondents how each evaluative variable impacted on their productivity (Haynes 2009 ). The office environment aspects included office facilities, such as storage space, quiet areas and position relative to colleagues; office environmental conditions, such as lighting, temperature and cleanliness; and other office variables such as privacy, interruptions and work interaction. These items have been used previously in research undertaken with western cultures, as shown in the literature review, and their relevance to offices in the Middle East, will be explored through this research. Occupants were asked to rate on a five-point scale whether the variables had a 'very negative' (coded as 1) effect on their productivity to a 'very positive' (coded as 5) effect on their productivity. Table 1 summarises the questionnaire items used in the analysis for this study and the Perceived Productivity Impact (PPI) variables that they form. Table 1 List of questionnaire items used for the analysis There were 308 employees surveyed and 251 employees participated in the research. However, only 220 responses were admissible responses. The survey included managerial, technical and administration grades. The managerial and technical grades could be considered to be knowledge type workers with flexibility in how and where they work. In contrast, the administration roles could be considered to be more process workers with an expectation they will be at their desks most of the time (2008). The survey was undertaken in December 2013. The demographic data gathered on these employees is described in Table 2 . There are more male respondents represented in the research data than there are female; and there are fewer respondents aged over 50 years, nevertheless there is a fairly even distribution of those below the age of 50 years across the two age groups. All of the occupants were based in an office environment, but the design of the office layouts varied.
PPI variable Survey question
Occupants were asked to specify the type of office layout that they occupied and the responses are described in Table 3 . The office layouts have been classified using the well-established "industry standard" classifications adopted in Post Occupancy Evaluation (POE) across the built environment industry (see for example the Center for the Built Environment (CBE) at the University of California). This classifies the office layouts into five categorises depending on the level of personal enclosure: 1) Enclosed private office; 2) Enclosed shared office; 3) Cubicles with high partitions (about five or more feet high); 4) Cubicles with low partitions (lower than five feet high); and 5) Open office with no partitions or limited partitions. Although the CBE classifications do not include descriptions, those used by have been added in Table 3 to give further clarification of the office layouts and are complemented with the general characteristics of the offices that were observed in the case study company by one of the authors. As can be seen the largest proportion of respondents are in an open plan (58%) office layout (including cubicles with high partitions, cubicles with low partitions and open plan with no partitions or limited partitions). Of all the office configurations Enclosed shared is the most popular office configuration (25.9%) that consists of a single room shared by 2-5 people and the fewest are in a private office (16.4%). It is acknowledged that a limitation of the research is that physical dimension of the different office types was not collected. Table 3 Survey respondents' office layout occupation and general characteristics of different office layouts
Office layout Description
Data analysis
Firstly, to assess perceived productivity, a mean score was calculated for each of the PPI variables. By assigning scores of 1-5 on the 5 answer options, the nominal data gathered is converted to interval data, after being checked for normal distribution, which allows for more comprehensive analysis. Using the 5 point scale, the mean for each question included in the PPI variable (Table 1) was calculated to give an overall score for the variable. With this analysis the higher the score shows that occupants found the variable to have a more positive effect on their productivity. Following this, the variables that occupants have rated as having the most negative impact on their productivity are considered i.e. those who selected the bottom two ratings (very negative and negative effect) on the five-point answer scale. This is classed as the Actual Percentage Unproductivity (APU) 4 and captures the areas that result in a perceived lack of productivity for the occupants. Analysing elements of the office environment with the lowest ratings will give an indication of potential complaints, and is an established metric used in thermal comfort studies (Fanger, 1972; Kim & de Dear, 2008) . The combination of the mean productivity ratings and the APU can be used to quantitatively assess whether occupants in the different office layouts respond differently to the various PPI variables.
Secondly in order to understand the key elements of all of the PPI variables that impact upon occupants' perceived productivity, factor analysis was undertaken using SPSS v22.0. This technique enables the exploration of latent variables (i.e. not directly measured) from multiple variables and can be used to either confirm a model of specific variables or explore relationships between variables. In this study, exploratory factor analysis will be undertaken to identify the principal components of the office environment impacting on perceived productivity (see Tabachnik and Fidell, 2001 , for a detailed introduction to factor analysis). Varimax rotation was included in the principal component analysis as this allows for analysis across all the variables (not just ones that are specified) and it identifies factors that are most closely correlated which helps to produce a more interpretable result.
Lastly, after conducting factor analysis the resulting 'office factors' are used in a series of t-test analyses to examine for statistical significant differences in the productivity perceptions of the office occupants. These are considered using dummy variables for office layout, gender and age of the occupants. Dummy variables are artificial variables created to represent a nominal (naming) variable so it can be used in more advanced analysis. They tend to be created with two distinct categories. In this study, survey respondents were divided into those that occupied an open-plan space (with high partitions, low partitions and no partitions) and those that occupied an enclosed space (private or shared) as 1 for open and 0 for enclosed; the naturally occurring gender dummy variable (1 for Male and 0 for Female); and in terms of age, the 3 categories were transformed to 1 for Old (those in the 35-50 years and Over 50 years categories) and 0 for Young (those in the Under 34 years category). Figure 1 depicts the mean rating scores for each of the PPI items, rated on the five-point scale ranging from 'Very negative' (1) to 'Very positive' (5) given by the respondents according to their different office layouts.
Results
Impact on perceived productivity of office environment
The most positive impact on perceived productivity for the majority of office types were temperature, lighting, proximity to manager, social interaction, work interaction, position to colleagues and also position to equipment. Those elements having a negative impact on perceived productivity for the majority of office types were internal noise, informal meeting space, quiet areas, crowding, interruptions, refreshment area and canteen.
In terms of overall office layout, those in 'Enclosed private' offices believed their configuration had the most positive impact of all the office types and those in 'Open Plan with little or no partitions' believed the configuration had the most negative impact on their productivity.
The perceived productivity of those in 'Enclosed private' offices was noticeably higher than those in the other office layouts with regard to a number of elements of the office environment, namely storage (3.4) informal meeting points (3.0), privacy (3.5), quiet areas (3.1), position to equipment (3.7) and the canteen (2.9) but this was only significantly higher (p<0.05) for storage, privacy and position to equipment. The other significant differences were between those in 'Open Plan offices with low partitions' who were more negative about the impact of a number of elements on their perceived productivity, namely lighting (2.7), air quality (2.3) social interaction (2.9) and work interaction (3.1).
Another interesting result to note is those given by occupants of 'Enclosed shared' offices, who regard internal noise (2.3) to have the most negative impact on their productivity compared to those in the other office layouts and was also the case for crowding (2.4). The Actual Percentage Unproductivity (APU) with each PPI variable is shown in Figure 2 . In this chart those rating the office space items as having the most negative impact on their productivity (1 = very negative and 2 = negative) have been separated out and classified according to the office layout that they occupy. The highest level of APU was scored for refreshment areas, air quality, quiet areas, crowding and interruptions and were common across many of the office configurations. Refreshment areas were a negative impact on the productivity of those in most (60%+) of the office layouts, suggesting that occupants of all office types regard the refreshment areas as a cause for distraction rather than sustenance. Consideration needs to be given to the location of refreshment areas so that they do not impact on people whilst they are working at their desk. Interestingly those in the 'Enclosed private' offices regarded them as less of a negative impact (28.6%) perhaps suggesting that they can demonstrate more restraint in using these areas due to the physical barrier. Interruptions were a source of unproductivity for occupants in all of the office configurations, but primarily for those in 'Open plan cubicle with low partitions' (60.4%) and 'Enclosed shared' (57.9%) layouts.
For those in enclosed offices, Crowding had a more negative impact on perceived productivity than those in open plan offices (52-56% APU for enclosed and 37-48% for open plan) as was also true for Internal Noise (38-47% APU for enclosed versus 34-42% for open plan). This suggests that the close proximity experienced in these office spaces is the cause of the reduction in perceived productivity.
Perceived unproductivity seemed to increase for those in open plan spaces in relation to Informal meetings spaces (35-44% enclosed versus 36 -59% open plan) and privacy (30-40% enclosed versus 38-59% open plan). This implies that the accessibility of the space by a large mass is the source of distraction for those occupying the space. Those in 'Open Plan with low partitions' felt most strongly about the negative impact of air quality (61.2%) but did not appear to be a consistent problem across the other office configurations.
In terms of the impact of the overall office layout on perceived unproductivity, those in 'Enclosed private' considered their configuration to have the least negative impact. The ratings given by those in 'Enclosed shared' offices were at a similar level as those in 'Open Plan' office layouts. 
Underlying office environmental factors
To give a better understanding of the relationships between the environmental factors of occupants' perceived productivity, factor analysis was applied to the 21 indicators. Factor analysis uses mathematical procedures for the simplification of interrelated measures to discover patterns in a set of variables (Child, 2006) . Exploratory factor analysis was applied, as opposed to confirmatory factor analysis, since this stage of the analysis is simply trying to uncover complex patterns in the dataset. This procedure groups together variables that share a common variance and as such reduces dimensionality (Bartholomew, Knott and Moustaki, 2011) and the latent variables that emerge are in essence hypothetical constructs that are used to represent variables (Cattell, 1973) . By adopting this approach the key factors influencing perceived productivity will be identified, and those that are more trivial will be placed into more meaningful categories. Principal component analysis was performed to extract the maximum variance from the data with each component (Tabachnik & Fidell, 2007) . Rotation was also undertaken to improve the interpretation of the factors, by attempting to load each variable on each factor (Rummel, 1970) . This was operationalised through varimax rotation using SPSS v 22.0 to identify those factors that have a truly high loading on each factor, thus providing a more meaningful interpretation of the influences on perceived productivity. The results are shown in Table 4 .
Using the Cohen (1988) criterion of factor loading (>.40) there are five factors. Inspection of the correlation matrix reveals many coefficients greater than 0.32 as recommended by Tabachnik and Fidell (2001) . The sample size was adequate with a Kaiser-Meyer-Oklin value of .879 (Kaiser 1970 (Kaiser , 1974 Factor 1 consists of six items which has been labelled as Comfort as it reflects elements of the physical office environment that influence the ease with which people could work. The standard of air quality and temperature, generally controlled in these offices by air conditioning, as well as lighting affects one's physical ability to work. Standards of cleanliness and colours and textures, though related to the physical office environment, are subjective perceptions of the working environment however they influence the experience of comfort to work in an office. Factor 2 relates more to the design of the physical office space in terms of the location of areas for meetings, contemplation and storage, and consequently has been labelled Office Space. Factor 3 consists of five items that all relate to actual or the potential for interaction, whether this is formal or informal with superiors or peers, and so has been labelled Interaction. Fewer variables loaded on Factors 4 and 5, but the majority of the correlation coefficients are of a sufficiently high level (>0.40, Cohen, 1988) to be considered significant. Factor 4 relates to variables that impact on concentration levels in an office environment such as interruptions, noise and having a large volume of people in close proximity, and has consequently been labelled as Distraction. The variables with the highest loadings on Factor 5 relate to areas where social interaction are designed to take place and so has been labelled as Social Interaction Points.
Impact of office type, gender and age on PPI factors
To analyse the true extent to which the Office Factors influenced the perceived productivity of the occupants, a series of t-test analyses were undertaken. The one sample t-test was used to examine the mean difference between the mean ratings assigned by the office occupants to the office factors using the dummy variables created :
office type: open-plan space was coded as a 1 (those in open high partitions, low partitions and no partitions) and enclosed was coded as a 0 (those in enclosed private or enclosed shared); The t-test analysis has identified a number of statistical differences in the perceived impact of the office environment according to the office occupant's gender, age and type of office environment. With regard to the type of office occupied, those in the enclosed office environment found that the Interaction factor had a significantly more positive impact on their perceived productivity that those in the Open office environment (enclosed = 3.50, open = 3.22, p<0.05). This was also the case for the Social Interaction factors, with the occupants of the Open office environment considering areas such as the canteen and position to equipment to have more of a negative impact on their perceived productivity (enclosed = 2.98, open = 2.68, p<0.05).
With regard to gender, female office occupants had a significantly more positive perception of the Interaction factor on their perceived productivity, such as proximity to managers and colleagues, compared to their male counterparts (female = 3.54, male = 3.26, p<0.05). And finally with regard to the age of the office occupant, the older occupants had a significantly more positive view of the Social Interaction factor on their perceived productivity than their younger counterparts (young = 2.57; old = 2.98, p<0.05).
Discussion
Impact of different office layouts on the perceived productivity of the office occupants.
The overview results of the research (Figures 1 and 2 : mean productivity score = +3.3, APU = 55%) illustrate that, compared to other office layouts, enclosed private offices are perceived to be more productive than open-plan offices. These results are in general agreement with previous research based upon office satisfaction (Bodin Danielsson & Bodin, 2009; and would suggest that the productivity penalties of open plan working outweigh the productivity benefits. An evaluation of the individual variables however illustrates a more complex picture with the enclosed private office not always being the office layout with the highest productivity score.
Compared to the other office layouts the variables where the enclosed private office had a positive impact on perceived productivity were privacy (mean productivity score = +3.5, APU = 30%) and position to equipment (mean productivity score = +3.7, APU = 11%). Although the relatively high privacy score could be a function of the type of work undertaken in enclosed private offices (Wajcman & Rose, 2011) , as the office occupier is in total control of their physical environment and also how they undertake their work, thereby allowing for distraction-free working (Seddigh et al., 2014) . proposed that enclosed private offices provide the occupant with visual privacy which would contrast with those in open-plan environments, where there could be visual distractions from others walking by.
Those in the open plan office environments had a much lower rating for privacy (open plan mean productivity score = +2.6, APU = 49%) suggesting that the lack of privacy was detrimental to their perceived productivity. Nearly half of those in an open plan office rated this as being a source of unproductivity. With regard to the position to equipment result, enclosed private office space generally include individual printers rather than communal printers and so the distraction caused by the noise of this office equipment and the need to travel to collect work would be minimised.
Sound privacy, as measured by internal noise, was reported by all office types as having more of a negative impact on productivity than positive. This indicates that even in enclosed private offices issues exist with internal noise caused by equipment, telephones, conversations and people movement. An explanation for such a result could be the type of materials used to construct private offices not been sufficient quality to provide acoustic isolation . The office type that reported the most negative impact on their productivity for internal noise was the enclosed shared office (mean productivity score = +2.3, APU = 47%). This group also reported the second highest negative score for crowding (mean productivity score = +2.4, APU = 56%) and interruptions (mean productivity score = +2.4, APU = 58%). The relatively high negative internal noise score could be caused by colleagues' conversations which the office occupier inadvertently tunes into due to the content of other colleagues conversations (Marsh, Hughes & Jones, 2009 ). These conversations could be seen to have speech intelligibility and therefore can be deemed as a disruptive sound source (Hongisto et al., 2008) . In contrast to the scores for internal noise, crowding and interruptions being detrimental to perceived productivity, the enclosed shared occupants reported one of the best scores for work interaction benefitting their perceived productivity (mean productivity score = 3.9, APU = 9%). This indicates that enclosed shared office environments facilitate work interaction with other colleagues which has the potential to increase collaboration and knowledge sharing (Heerwagen et al, 2004; Lansdale et al., 2011) . This collegiate collaborative way of working could potentially offset the productivity penalties caused by internal noise, crowding and interruptions. Internal noise and privacy were also detrimental to productivity for those in the open plan with no partitions (internal noise mean productivity score = 2.6, APU = 42%) and (privacy mean productivity score = 2.4, APU = 59%). These results indicate that occupants of open plan office environments, who produce similar work interaction scores to other office types, have to overcome the more negative aspects of increased noise and loss of privacy. It could therefore be argued that office occupants of open plan environment have to undertake more emotional work (Evans & Johnson, 2000; Jahncke et al.,2011) than their enclosed private office counterparts.
Productivity benefits of open plan working include increased opportunities for collaboration and knowledge sharing (Openshaw, 2013; Cummings & Oldham 1997; Dunbar 1995) ; and was measured in this research through work interactions, informal meeting space and position to colleagues. With the exception of open plan cubicles with low partitions, the other two types of open plan office configurations have similar positive work interaction scores as the ones for enclosed private and enclosed shared office layouts (mean productivity score between +3.6 -+3.9, APU between 7% -9%). This similarity would suggest that the office configuration does not have a great influence on the efficiency of work interaction. There was a greater variation in the results for the informal meeting space however across the types of offices (mean productivity score between +2.6 -+3.0, APU between 35% -59%), particularly for those in the open plan with no partitions where nearly two-thirds regarded this as being detrimental to their productivity. With no physical barrier between workers, regardless of its size, there is clearly an open invitation for informal interaction which it not considered to be productive, and so would suggest that some form of partition is valuable in open plan working not only for its physical qualities but also psychologically through its symbolism. Although both those occupying enclosed offices and open plan configurations gave a similar rating for their position to colleagues (mean productivity score between +3.2 -+3.6), there was a greater level of disruption from colleagues for those in enclosed shared offices and those in open plan with low partition offices (APU between 28 -30%). The most conducive position of colleagues of all the office configurations was for those in the open plan with high partitions (APU = 16%).
Underlying concepts that underpin the evaluation of the impact of office layout on office occupiers' perceived productivity.
Principal component analysis allowed the 21 perceived productivity variables to be reduced to 5 underlying components. The five components created were comfort, office space, interaction, distraction and social interaction points, and can largely be validated by previous workplace research (Haynes 2008) . The comfort component consisted of variables that related to the physical office environment such as temperature, lighting, air quality, cleanliness, colours and textures, and physical comfort. These tend to be common variables that are used in workplace satisfaction studies (Bodin Danielsson et al., 2015; and workplace productivity studies (Leaman & Bordass, 1999) . The office space component consisted of informal meeting space, informal meeting space, quiet areas and storage and is largely defined by the range of spaces provided by the office environment (Bodin Danielsson et al., 2015; Sundstrom et al., 1982) . The interaction component is largely defined by the variables work interaction, social interaction, proximity to manager, proximity to colleagues and privacy and captures the complexity of human interaction and social dynamics within the office environment as well as the potential loss of privacy (Nathan & Doyle, 2002) . Another component that relates to the social dynamics of the office is the distraction component which consisted of crowding, interruptions and internal noise. These could be considered to be the variables that have the most negative impact on office occupants, specifically in open-plan environments (Kaarlela-Tuomaala et al., 2009; . The final component is the social interaction point component which consisted of refreshments areas, canteen and position to equipment and contained the variables relating to areas where ad hoc conversations can occur in an office environment. The value of these 'actants' to organisational creativity is supported by a number of authors (Fayard & Weeks, 2007; Haynes, 2008) .
Differences between office occupiers' perceived productivity based on gender, age and office type.
Previous research that has investigated the impact of indoor environmental quality (IEQ) on office occupants has identified gender differences and in certain instances significant differences , Karjalainen 2007 . In contrast, this research found no significant difference between male and female respondents with regards to office comfort. An explanation for this could be that since the offices were based in the Middle East were they are more likely to be fitted with air conditioning. Therefore, with air-conditioned office environments set at a constant level there is less opportunity for variation within the office environment. However, a statistical significant difference between genders was found for the Interaction component (female = 3.54, male = 3.26, p<0.05). Whilst both genders perceived Interaction as having an overall positive impact on their perceived productivity, the female respondents perceived it to be having more of a positive impact than the male respondents. The factors that contribute to the Interaction component are; work interaction, social interaction, proximity to manager, proximity to colleagues and privacy. All these factors relate to the social dynamics that can exist within an office environment, and can be perceived as being both supportive of productivity or as interruptions so having a negative effect on productivity. The results from this research indicate that female respondents are more likely to see interruptions as a positive experience and would suggest a greater openness to work and social interactions within the office environment (Mark, Gudith et al. 2008 ). However, included in the Interactions component is the privacy variable which indicates that a balance has to be struck between social and work interaction in the office environment and privacy to allow the office occupier to withdraw and concentrate on focussed work as necessary (Haynes, 2008) .
A significant difference was found between the older and younger office occupiers with regards to their views on the Social Interaction Points component (young = 2.57; old = 2.98, p<0.05). This component consisted of refreshment areas, canteen and position of equipment. Whilst both age groups were slightly negative on this component it was the younger respondents that were the most negative. This result supports research undertaken by Rothe et al (2011) who identified significant difference between age groups with regards to workplace restaurant services. The results could indicate that the older respondents appreciate the opportunity to get away from their working environment and interact on a social level in the refreshment areas, canteen or around the actants (printer and photocopier -position of equipment). In addition, research undertaken by Rasila and Rothe (2012) establish that younger employees saw the same limitations and problems of open plan environment as the older employees but saw them as a fair trade-off against the benefits. Therefore, the younger employees may not feel the same need as the older employees to get away from their workstation. Danielsson et al., 2015; . Whilst both occupiers of enclosed and open office environments perceived the Interaction component to be generally positive, it is the enclosed office occupiers that see interaction as having the most positive effect on their productivity. As discussed previously interactions can be perceived as being both positive and negative. The average interruption by colleagues per day is around 12 interruptions (Wajcman, Rose 2011) and once distracted from the task it could take an average of 25 minutes to return to that task (Mark, Gonzalez et al. 2005 ). In addition, background noise can also be seen as an interruption if it consists of meaningful speech as this causes a higher distraction than irrelevant speech (Marsh, Hughes et al. 2009 ). The benefits of an enclosed office environment mean that the occupiers have greater control over their working environment than occupiers of open plan environments . This effectively means that the levels of interruptions can be reduced which leads to longer periods of uninterrupted concentration on focused work. Whilst both open and enclosed office occupants perceived social interaction points to be slightly negative, it is the occupiers of enclosed office environments that perceived them as having a slightly more positive impact on their productivity. This could be interpreted as the occupiers of enclosed office environments appreciating the opportunity to move away from their designated workplace and having a physical and psychological break from their work activities. In addition, refreshment areas, canteens and position of equipment also allows opportunities for informal serendipitous interactions which would not normally occur within the enclosed office environments (Fayard, Weeks 2007) .
Conclusions
This research has shown that the configuration of the office has a clear impact on the perceived productivity of the occupier. Those in enclosed office spaces were more productive due to privacy and limited distractions, and those in open plan spaces were more productive because of their access to informal meeting spaces. The productivity of those in enclosed shared offices however suffered more due to crowding and interruptions, although work interactions and knowledge exchange were enhanced from this close proximity. Internal noise and proximity to colleagues had a similar impact on office occupiers regardless of the type of office, with a negative and positive perceived impact on productivity respectively. With such contrasting results, there is insufficient evidence to suggest that the productivity benefits of open plan office environments outweigh the productivity penalties.
Three key underlying concepts were identified to have the greatest influence on office occupiers' evaluation of their perceived productivity in relation to the office layout. Firstly, the physical layout of the office space was important to productivity and captured the provision of formal meeting space, quiet areas and storage, suggesting that a range of different spaces are key to perceived productivity rather than one large open plan environment. By having a range of different spaces office occupiers can choose the most appropriate space to best undertake that particular work task. Secondly, interaction was vital to perceived productivity, requiring the overall office layout to not only facilitate and enable interaction with managers and colleagues, but to also allow occupiers to withdraw from this interaction and undertake private and concentrated work. Office environments need to be sufficiently flexible to provide the balance of interaction and privacy that is required by its occupiers. The third influence in the office space on perceived productivity was social interaction points, and emphasised the value that occupiers placed on 'downtime' to their productivity. The term "downtime" is used to mean the office occupier is able to physically move away from their desk and engage in either social interaction or just to have time to themselves away from their desk. Although areas such as the canteen and refreshment points were important, they were also a source of distraction, so their positioning requires careful consideration. It is proposed that 'downtime' has a key role to play both in terms of productivity and the health and wellbeing of office occupiers.
Some differences were identified in the research on the impact of the office environment on perceived productivity according to gender and age. Generally, female occupiers considered the office environment to have a more positive impact on their perceived productivity than male occupiers, which is in contrast to previous research in this area. The one exceptions being distraction where females perceived this to have a more negative impact on their productivity. This has implications for the design of office environments for these office workers. Older workers were more positive about the impact of the office environment on their perceived productivity than younger workers which contradicts previous research on age differences. Younger workers were previously found to view the positives of open plan offices to outweigh the negatives, but this has not been found to be the case in this research.
The differences identified in this research based on gender and age however, are only the beginning, given the variation in office configurations occupied by respondents. Further research is recommended on the perceptions of male and female office workers in both open plan environments and those in enclosed office environments, to ascertain the true impact of the office environment on their perceived productivity. This is also the case for those in different age groups, so that any correlation between older workers occupying private enclosed office space because of their age, career progression and status that may have been evident in this research, are thoroughly compared against those occupying open plan offices.
Further research is also recommended on understanding in more depth the influences of the office space on perceived productivity through more qualitative research methodologies. This can be to understand the value of having a range of physical spaces, the benefits of interactions, examples of coping mechanisms used for achieving privacy, managing internal noise and reducing distractions. This research approach would also be valuable to explore further the gender and age differences, particularly to understand the reasons for female workers' more negative perceptions of the office environment and the requirements of the new generation of workers.
Since this research has been undertaken on an organisation in the Middle East, there could be cultural influences on the results that have been uncovered. A further recommendation would therefore be to repeat the research with organisations in other countries to make comparisons and extend the reliability of the research further, in order to fully understand the impact of the office environment on occupiers' perceived productivity.
